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Best Products Evolve According to Users Feedback

Andrea Vitaletti

Abstract GENDE (http://www.gende.it) is a tool to allow designers, but also com-

mon people, to automatically design new products that evolve according to the prin-

ciples of Genetic Algorithms (GAs). The selection of the products that will actually

take part to the evolutionary process, relies on crowdsourcing mechanisms: only the

most appreciated products survive. In the era of 3D-printing, GENDE can pave the

way to a completely new class of mass products in which personalization become

intrinsic to the design process and is driven by common users rather than being con-

fined in the later stages of production and in the hands of professional designers.

While GENDE has been originally thought as an automatic design tool, its unique

process that involves users from the beginning of the design, can also be used as a

powerful marketing tool.

Keywords Interactive design ⋅ Genetic algorithms ⋅ Crowd sourcing ⋅ Participa-

tory design

1 Introduction

GENDE (http://www.gende.it) is a tool to allow designers, but also common peo-

ple, to automatically design new products that evolve according to the principles of

Genetic Algorithms (GAs) (Mitchell 1998).

The process starts with the encoding of the distinctive features of the desired

product into a digital chromosome. This allows the generation of an initial random

population of products. Such population is evaluated by end-users employing clas-

sical online social feedback mechanisms (e.g. Facebook like). The selection of best

individuals, relies on crowdsourcing mechanisms, and it is implemented by a fit-

ness function computed over the users feedback on the current population of prod-

ucts. Such best individuals survive and generate a new generation of individuals that
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share many of the characteristics of its parents, but can also introduce some muta-

tion. This process is iterated generation after generation until best individuals are

positively evaluated by the vast majority of users; the outcomes of the process are

3D models of the best products ready for small-scale series (e.g. 3D print).

Similar ideas have been investigated in generative design (Hartmut et al. 2012;

Tedeschi 2014), but mostly in the domain of digital products and without taking fully

advantage of GAs. Genetic algorithms have been investigated to generate pictures

(Grow your own picture: 2016) or music (Genetic music project. 2016), but only

marginally for the collaborative design of physical products (Kram and Weisshaar

2003; Hamda and Schoenauer 2004) and fashion design (Kim and Cho 2005). In the

era of 3D-printing, GENDE can pave the way to a completely new class of mass

products in which personalization happens from the design process and is driven

by common users rather than being confined in the later stages of production and

in the hands of professional designers. However, more realistically, in the shorter

term GENDE will be employed by product companies to design new products taking

advantage of the unique genetic process that naturally embodies marketing aspects

(i.e. users feedback) into the design process. In the current stage, GENDE is a proof-

of-concept, and still needs some development to be market ready.

Structure of the paper. In Sect. 2 we introduce GENDE concept and we give a

short overview on Genetic Algorithms (GAs) principles. In Sect. 3 we discuss the

related work and we review some papers that support the use of GENDE not only as

a design tool, but also as a marketing tool. In Sect. 4 we present a proof-of-concept

of a minimalistic lamp designed by GENDE and finally in Sect. 5, we discuss the

main challenges we have to face to make GENDE a real product.

2 GENDE Concept

GENDE is a tool that employs Genetic Algorithms (GAs) for the design of new prod-

ucts. A genetic algorithm (GA), is a search heuristic that mimics the mechanisms of

natural selection. In GAs, a population of candidate solutions (named individuals)

to an optimization problem evolve toward “better” solutions. Each candidate solu-

tion has a set of features that are encoded in a digital chromosome. In the example

in Fig. 1, the width and length of an eyewear (i.e. an individual) are encoded in the

chromosome. A random population of individuals is initially generated. The pop-

ulation evolves in an iterative process generation after generation, as shown in the

example in Fig. 2. In each generation, the fitness of every individual in the population

is evaluated by a fitness function, that in case of GENDE evaluates users’ appreci-

ation for the individual, and only the “best” individuals survive and contribute to

populate the next generation. In particular, the genome of the best individuals of the

current generation are recombined and possibly randomly mutated to form the new

generation. Commonly, the algorithm terminates when either a maximum number

of generations has been produced, or a satisfactory fitness level has been reached for

the population.
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Fig. 1 An schema of the evolution of genetic algorithms

Fig. 2 Three generations of eyewears. In this simple example the fitness function maximizes the

size of the eyewear

The application of GAs to the design of new products, requires two fundamental

steps that will be further discussed in Sect. 5. First, we have to effectively encode

the distinctive features of the product into a digital chromosome. The encoding can

be simple in some cases, but in the general case this process is extremely complex.

The availability of an effective encoding is the pre-requisite for the generation of

the individuals. Secondly, we have to design a suitable fitness function capable to
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effectively select the individuals that will survive and will thus contribute to the

evolution. Since a major goal of the design is the design of products that customers

will appreciate, the fitness function of GENDE is a function of the appreciation of

users for individuals (Takagi 2001). The more an individual, namely a product, is

appreciated by users, the more that individual will score in the fitness function and

consequently the more it will likely survive.

3 Related Work

There are a number of papers in which GAs have been proposed to solve a number

of design problems, such as the ones presented in Padhye (2012).

A more general product design problem (Rajeev and Ramesh 1987) has been stud-

ied in Sundar and Varghese (1996). In this paper, the problem is formulated within

the conjoint analysis framework, in which users preferences on a limited number of

product profiles are used to predict the valuation for any new product profile which

was not initially evaluated. In realistic applications, the number of possible prod-

uct profiles increases dramatically, and thus the authors propose the use of GAs to

explore the product profiles search space. More recently, Vajna et al. proposed the

Autogenetic Design Theory (Sndor et al. 2005). In this paper, a 3D parametric CAD

is used to create the actual instance of a geometric model to be optimized by a set

of parameters and a Finite Element Method (FEM) or a computational fluid dynam-

ics system evaluates the actual instance. The optimization module performs changes

on the geometric or topological parameters in order to fulfil the optimization aims.

In Ho and Ming (2009) the authors use shape grammars, to express in a general

form complex shapes, and GAs to develop stylistically consistent forms applied to

the design of a camera. Kram/Weisshaars Breeding Tables project (Kram and Weis-

shaar 2003), is a renowned example of the employment of GAs to the product design.

The algorithm takes in input constraints such as the size, weight, and tabletop height,

then generates hundreds of configurations that are selected by the designers. Simi-

larly, the Computational Chair project developed by EZCT Architecture and Design

research (Hamda and Schoenauer 2004) uses a GA to generate design variations of

a chair. While both these projects rely on GAs, they do not envision as in our case,

the involvement of users in the implementation of the fitness function.

The involvement of users is explicitly considered in the interactive evolutionary

computation (IEC) where the evolutionary computation optimizes systems based

on subjective human evaluation (Takagi 2001). In Zhun et al. (2006) the authors

explore the integration of human interaction with evolutionary design. In particular

they claim that “the fitness function should be able to take feedback from designers
and customers constantly, enabling it to reflect changing market environments or
user preferences”. However, they did not provide examples of such virtuous feed-

back loop. The work of Kelly and others (Kelly et al. 2011) presents an Interactive

Evolutionary Systems (IES) that is used to identify the users’ most preferred cola

bottle shapes among a set of parametrized shapes. Most similar to our work, in Kim
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(a) Customers have no additional chance to participate in value creation before the final
product.

(b) Components are pre-designed and pre-produced according to forecast demands but
customization is possible before assembly.

(c) CIDP is placed in the early stage of the value chain to provide customersa real
individual customization and their participation since the design phase.

Fig. 3 Customer involvement decoupling point (CIDP) (Risdiyono and Pisut 2011)
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and Cho (2005); Hee-Su and Sung-Bae (1999), Kim explores the use of interactive

genetic algorithms to the design of women’s dress. In that paper, by incorporating the

domain specific knowledge into the genotype, the author shows how to implement a

more realistic design aid system.In that paper, by incorporating the domain specific

knowledge into the genotype, the author shows how to implement a more realistic

design aid system. However, these works, do not explicitly contemplate the involve-

ment of users’ communities as is nowadays possible with the pervasive adoption of

on-line social networks.

The physical form of a product is an unquestioned determinant of its market-

place success (Mitchell and Xuehong 1998) and this is the fundamental argument

to support the interconnection of marketing and design, however their connections

are not fully explored (Margaret and Lucy 2007). In Risdiyono and Pisut (2011) the

authors explore the concept of design by customer: “Design is a process of estab-
lishing the basic parameters of a product. From this perception, every customer can
be considered as a designer”. Traditionally, the customer involvement decoupling

point (CIDP), namely the point where customers are involved in value creation, is

placed at the end of the process (see Fig. 3a). In such context, the process generates

the same standard products for all the customers, and the hope is that the process in

charge of translating customer needs into product specifications has been effective

in providing good insights to the designers in order to achieve high customer sat-

isfaction. In Fig. 3b, the CIDP is placed before the assembly process. Components

are pre-designed and pre-produced according to forecast demands but in order to

offer product variety, assembly process is postponed until customers complete their

selection. Finally, in Fig. 3c a new CIDP is placed in the early stage of value chain to

provide customers a real individual customization and support the design by cus-

tomer (DBC) approach. In this perspective, GENDE can be considered among the

first tool supporting the DBC approach.

4 Proof of Concept

GENDE can be applied to the design a number of products in different areas, from

fashion to furniture and jewelry, just to mention few of them. However in this paper

we are more interested in testing the concept and the process that allows the involve-

ment of users in the design process, rather then in the final outcome (i.e. the product).

For this reason, to prove the concept of GENDE, we focused on the design of a simple

desk lamp made of four rectangles panels with a hole in the middle (Figs. 4 and 5).

The sizes of the holes is the result of the evolution implemented in GENDE. The GAs

are implemented in the Python evolutionary computation framework DEAP (https://

github.com/DEAP/deap). The population is made of 10 individuals (i.e. lamps), with

cxpb = 0.5 (the probability of mating two individuals) and mutpb = 0.2 (the proba-

bility of mutating an individual). Each individual in the population is evaluated by

10 users and the fitness function for an individual is the sum of positive feedback

received by that individual (i.e. the appreciation of the users). We stress that the pur-

https://github.com/DEAP/deap
https://github.com/DEAP/deap
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(a) The holes in the lamp are encoded in the
chromosome and evolve.

(b) A render of an individual (i.e. a lamp)
evaluated by users in the 3rd generation.

(c) The drawing for the lasercut. (d) The lasercut of the parts.

Fig. 4 A lamp designed by GENDE

Fig. 5 The final product
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(a) A GENDE necklace. (b) A t-shirt of an individual in genertaion
11.

Fig. 6 An example of GENDE applied to fashion accessories

pose of this initial experiment is to test the process, rather than the quality of the

final outcome that necessarily requires the involvement of a larger number of users

and a also a larger population of individuals.

Approaches similar to GENDE have been applied to the design of fashion clothes

(Hee-Su and Sung-Bae 1999; Kim and Cho 2005). However, we do believe that fash-

ion accessories, such as handbags, eyewear (see Fig. 2), jewelry and watches, might

be more effectively designed by GENDE. In Fig. 6 we show an example of GENDE

applied to the design of a necklace. The size, shape and color of the elements in the

necklace evolve generation after generation according to users’ feedback.

5 Discussion

In this paper we presented GENDE, a design tool based on Genetic Algorithms

to support designers, but also common users, in the development of new products.

Thanks to its unique participative design process, GENDE is not only a design sup-

port tool, but also a valuable marketing tool that brings the Customer Involvement

Decoupling Point (CIDP) (Risdiyono and Pisut 2011) in the early stage of the value

chain. The Proof of concept presented in Sect. 4 shows that GENDE can be actually

used to design simple new products. However, to successfully apply the envisioned

process to the design of more complex and general products, we still have to face a

number of challenges, some of which are briefly discussed in the following.

The digital chromosome of complex products. When simple shapes are consid-

ered, the encoding of the distinguish features of a product into the digital chromo-
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some is relatively simple. However, if the considered product is made of complex

and interconnected shapes, their encoding can be difficult and it can lead to very

long chromosomes that possibly make the application of GAs challenging both in

terms of effectiveness (i.e. converge towards “good” solutions) and efficiency (i.e.

converge in relatively small time).

Fitness function and user involvement. The fitness function selects the “best” indi-

viduals in a population. If the objective function is clear, objective and well defined

(e.g. maximize the size of a shape) the application of GAs is straightforward. How-

ever, in our case, we aim at evaluating the appreciation of the users for a product.

To this purpose, we use a feedback mechanism based on crowdsourcing; the current

generation of products is shown to the users that can simply select via a Web and

mobile App, the products they like more. To do not annoy users, only a limited num-

ber of products should be shown to each user; the system take care of getting the same

number of feedbacks for each individual in the population. An exciting perspective

to improve the effectiveness and efficiency of users’ evaluation is the employment

of neuromarketing techniques (Dan and Gregory 2010), in which users’ appreciation

can be evaluated analyzing the output of a Brain Computer Interface (BCI).

The fitness function for a given product is evaluated as a weighted function of

the positive feedback for that product. To get more significant results, a critical mass

of users should be involved, in order to guarantee unbiased results and a relatively

fast convergence towards a population of “good” candidate products. The methods

envisioned to involve such critical mass of users are beyond the scope of this paper,

but foreseen the adoption of social and online marketing strategies.

Design versus marketing. The unique process envisioned in GENDE, guarantees

that the generated products are appreciated by users, however cannot not guarantee

at all that those products are not ordinary in terms of design.

Citing Don Norman “Homogenization is disturbing. It diminishes the richness
of life, the importance of historical roots, ritual and custom. Cultural diversity is
a powerful, positive influence and we, as responsible designers, should pay much
attention to how people behave in their environments, supporting the richness of
cultural diversity. It is not the product that is important: it is how it is used, in con-
text.”

In this perspective, GENDE is not only a participatory design tool capable to

involve in the design process a mass of users, but also a marketing tool in which

users can contribute bringing into the process their own unique needs, stories and

backgrounds. It is then again in the responsibility of the designers the possible inter-

pretation of such contribution in the most creative and innovative way, with the pur-

pose of realizing unique products.
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